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The reactions of 2-mcrcaptobenzimidaz,)l~ and 5, 6-dimethyl-2- 
mercaptobenzimidazole wi~h chloroacetaldchyde, bromoaceraide- 
hyde diethylacetal, and a-bromopropionaldehyde are studied. Thi- 

azolol3p 2-a]benzimidazole and some of it~ derivatives are synthe- 
sized 

The tr ieyclie system of thiazolo[3,2-a]benzimida- 
zole (V'l) has been little investigated. Thiazolino[3.2-el  
benzimidazole [8] and its methylene derivatives [3-7],  
thiazolino[3, 2-a]benzimidazole [8], and some substi-  
tuted VIs [9-13] have been synthesized by reacting 2- 
mercaptobenzimidazole (I) with ehloroacetic acid (or 
its esters) ,  dichloroethane, halogenoketones, and pro-  
pargyl bromide with subsequent cyelization of the 
intermediate S derivatives I. The 6(7)-hydroxy deriva-  
tive VI has also been obtained by reacting 2-aminothi-  
azole with p-quinone. 

A ser ies  of papers [15-18] on the synthesis of imi-  
dazole-thiazole condensed systems for the purpose of 
obtaining the unsubstituted t r icycl ic  system VI and 
some derivatives of it, investigated the reaction of I 
with c~-halogenoaldehydes and their acetals.  

Most detailed studies have been made of the pro-  
ducts of reaction of I with chloroacetaldehyde and 
bromoacetaldehyde diethylacetal (bromoacetal) and the 
conversions which they undergo when treated with acid 
reagents (POC13. HC1, H2SO4), 
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Reaction of I with bromoacetal  in ethanol in the 
presence of sodium ethoxide gives benzimidazolyl-2-  
mercaptoacetaldehyde diethylacetal (IT), character ized 

as its picrate. A~; il~ ,he case of 4(5)-phenylimidazolyl- 
2-mereaptoaeetald~,hyde aeetals [15], boiling II with 
POC13 splits out a moleeule of ethanol, and eyclizing 
it to 3-ethoxythiazolino[3,2-a]benzimidazole (liD. III 
was also isolated as the pierate after heating II 
in aqueous ethanol, and by heating II pierate above 
140% 

Reaction of ! with bromoaeetal  in water, with the 
hydrated dimer of' diehloroaeetaldehyde in various 
solvents (water, ethanol, dimethylformamide), or 
saponification of II and Ill with hydrochloric acid gives 
one and the same crystall ine substance, whose ele- 
mentary composition is that of benzimidazoly l -2-mer-  
captoaeetaldehyde (V), but whose chemical and physi- 
cochemical propert ies  quickly show it to be a tautom- 
er ic  form of V, 3-hydroxythiazolino[3, 2-a]benzimida- 
zole (IV). Like analogous compounds in the 2 -mercap-  
to- and 4(5)-mereaptoimidazoles ser ies  [15-17], IV 
(or V) does not give some of the character is t ic  r e -  
actions of the earbonyl group. Only by heating in ace-  
tic acid solution was it possible to prepare the 2, 4- 
dinitrophenylhydrazone derivative of the aldehyde 
V. 

The IR spectra* (figure) of compounds IV and IX 
were observed on the solids (vaseline mulls) and did 
not show the CO absorption band in the 1650-1750 cm -1 
region, while there were bands (3060-2680 cm -1) ob- 
viously due to OH group valence vibrations. The spec-  
t rum of ethoxy compound IlI did not show valence vi- 
bration bands of groups CO, NIl, and OH. Unlike IV, 
2-acetonylmereaptobenzimidazole hydrochloride [12] 
has a sharp CO group valence vibrations band (1726 
era-l). 

Heating with eonc HC1 does not change IV, but 
t reatment  with POC13 or cone H2SO 4, readily removes  
a molecule of water even in the cold, giving an almost  
quantitative yield of unsubstituted VI. Compound VI 
is also formed when II or IXI is treated with cone 
H2SO 4. Treatment  of VI with alkyl halides gives the 
quaternary salts (VII, VIII). 

Reaction of I with ~-bromopropionaldehyde dieth- 
ylacetal, followed by dehydration of the 2-methyl -3-  
hydroxythiazolino[3, 2-a]benzimidazole (IX) with conc 
H2SO 4 gives 2-methyl[3, 2-a]benzimidazole {X). 

Like the conversion of I, reaction of 5 .6-dimethyl-  
2-mercaptobenzimidazole  (XI) with chloroacetaldehyde 

*For  Par t  XXXIV see [18]. 

*The IR spectra  were determined with a UR-10 in- 
s t rument  by E. M. peres leni  and Yu. I. Pomeran-  
tsev and we take this opportunity of thanking them. 
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a n d  t h e  d i e t h y l a c e t a l s  o f  b r o m o a c e t a l d e h y d e  and  b r o -  

m o p r o p i o n a l d e h y d e  g i v e s  c o m p o u n d s  X I I - X V I .  

EXPERIMENTA L 

Benzimidazolyl-2-mexcaptoacetaldehyde diethylacetal (II). A so- 
lution of NaOEt was prepared from 0.92 g Na and 50 ml absolute EtOH, 
and 6 g I [19] followed by 8.1 g freshly-distilled bromoaceral. The 
mixture was refluxed for 10-11 hr, left overnight, poured into water, 
extracted with ether, the extract washed with water, dried over MgSO4, 
and the solvent vacuum distilled off. Yield 10-10.,2 g (94-96.9~ 
When larger lots were run, the EtOH was vacuum distilled off. the 
residue dissolved in CHC13 or ether, and worked up in the way des- 
cribed above. Dark brown liquid, becoming viscous at 18-20 ~ soluble 
in organic solvents, insoluble in water, decomposed on attempting to 
vacuum distil it. The picrate was obtained by mixing ether solutions 
of base II and picric acid. It was purified by precipitating with water 
from a cold EtOH-MeICO (2 : 1) solution (heating gives the picrate of 
base III). Orange-yellow prisms mp 132-13~ ~ (bath heated to 128- 
130~ solidified 138-140 ~ remelted 209-211 ~ (conversion to picrate 
Ill), resolidified at 213-215 ~ and then remelted 235-236* (conversion 
to picrate VI). Found: C 46.07; H 4.26; N 13.80; S 6.78%, calculated 
for CtaHlsNzOz8 �9 C6HsN307: C 46.05; H 4.27; N 14.14; S 6.47%. 

3-Ethoxythiazoltno[3, 2-a]benztmtdazole (III), a) A solution of 6.33 
g II and 15 ml freshly-distilled POCI~ was refluxed for 1 1/2 hr, the 
solvent vacuum distilled off, water added to the residue (cooling), the 
solution then neutralized with NaHCOs, and the mixture extracted with 
CHCI~. Yield 3.45 g (78,3%), rap 83-87*, colorless long prisms, mp 
102.5-103.5 ~ (ex EtOH-HzO 1:2), soluble in organic solvents, insoluble 
in water. Found: C 60.03; H 5.36; N 12.74; S 14.36%, calculated for 
CltHlzN2OS:C 59.97; H 5.49; N 12.72; S 14.55%. Picrate, yellow long 
needles, mp 209-211" (ex EtOH), resolidified 213-215", remelted 
235-236* (conversion to picrate VI). Found: C 45.15; H 3.30; N 15.77; 
S 7,09%, calculated for CnH12N2OS" C6HcNaGt:C 45,49; H 3,36; N 
15.58; S 7.18%. 

b) 1 g II was heated in 50~ aqueous EtOH, the solution cooled and 
treated with aqueous picric acid, to give a pierate, (rap 209-211~ 
identical with the picrate of IIl prepared as described in (a). 

c) About 0,1 g picrate of II was heated in a capillary to 140-150 ~ 
it melted, solidified, and was cooled again, after which it had mp 

209-211". 
3-Hydroxythiazollno[8, 2-a]benzimidazole (IV), a) A mixture of 

1,5 g I, 0.88 g chloroacetaldehyde dimer hydrate (or the correspond- 
ing quantity of the aldehyde itself, as a 20-30% aqueous solution), 
and 15 ml water was refluxed for 4 hr (ultimately with active charcoal), 
the solution filtered, coned, 20 ml water added, and made alkaline 
with NaHCO 3. The precipitate was filtered off, 20 ml water added, 
and washed with water, yield 1.82 g (94.8%), mp 192-194". Color- 
less prisms, mp 194-196" (decomp., ex EtOH), soluble in organic 
solvents. Found: C 56.35; H 4.13; N 14.63; S 16,53%, calculated for 
C�HsNzOS:C 56.23; H 4.20; N 14.57; S 16.67%. Hydrochloride, color- 
less needles mp 184-186" (decomp., ex dioxane-water 5:1), soluble 
in water and lower alcohols, soluble with difficulty in acetone and 
dichloroethane. Found: C1 15.74%, calculated for C�HsN2OS. HCI:C1 
15.50%. Picrate, yellow needles, mp 225-226 ~ (decomp., ex EtOH). 
Found: C 42.83; H 2.71; N 16.82; S 7.82~ calculated for C�HsNzOS. 

�9 C6HsNsOr:C 42 76; H 26'2; N 16.62;S 761%, IV was also obtained 
in high yield (89-9~'P/0) when the reaction was carried out in EtOH 
(4 hr reflux), or dimethylformamide (1 hr at 60-65 ~ and 10 rain at 
100"). 

b) A mixture of 0.75 g I ,  1 gbromoacetal ,  and 20ml  water was 
refluxed for 3 hr (ultimately with active charcoal), the solution 
filtered, cooled, and neutralized with NaHCO 3, yield 0.69 g (71.1%), 
mp 19,2-195* (decomp.).  

c) A solution of 2 g II in 10 ml .'36% HC1 was refluxed for 1 1/2 hr, 
cooled, 7 ml water added, and the precipitate filtered off, yield of 
IV hydrochloride 1.4 g (81.5%), mp 183-184~ IV hydro- 

chloride was also obtained from lI by carrying out the reaction in 

ethanolic HCI (1~-20 ~ ,2 days), or acetone-cone HCI (18-20 ~, 5-10 

mm), mp 183-185 ~ 
d) A solution of 0,1 g l I I  in 2.5 m. cone. HCI wasrefluxed for ~0 

rain, cooled, 8 ml water added, and the mixture neutralized with 
NaHCOa, yield 0,07 g (,~0,2%), mp 194-196 ~ (decomp). 

~enzimidazolyl-2-mercaptoaeetaldehyde 2, 4-dinitrophenylhydra- 
zone (V), A solution of 0.5 g IV and 0.5 g 2,4-dinitrophenylhydrazine 
in ,20 ml glacial AcOH was refluxed for ,'30 rain (ultimately with active 
charcoal), the products filtered, cooled, and the precipitate filtered 
off. Reddish brown needles, mp 185-186~ ex AcOH). Found: 
C 48,,20; H ,2.35; S 8.67%, calculated for CIsHIzNsO4S: C 48.38; 
H 3.25; S 8.64%. 

Thtazolo[3, 2-a]benzimidazole (VI). a) A solution of 8.84 g tV in 
20 ml POCls was refluxed for 30 min, the solvent vacuum distilled 
off, the residue dissolved in water, neutralized with NaHCOs, the 
precipitate filtered off, and washed with water, yield 3.2 g (92%), 
colorless needles, mp 141.5-t42.5 ~ (ex 15% aqueous EtOH), readily 
soluble in organic solvents. Found: C 61.83; H 3.27; N 16.28; S 18.28%, 
calculated for C�HsN~S:C 62.04; H 3.47; N 16.08; S 18.41%. Hydro- 
chIoride, elongated plates, mp 193-194 ~ (decomp., ex absolute 
EtOH). Found: C1 16.78%, calculated for C�HsNzS. HCI:C1 16.8~r/o. 
Picrate, yellow needles, mp 235-236" (decomp., ex EtOH). Found: 
C 44.78; H 2.29; N 17,671 S 8.09%, calculated for C�HsN2S. C~HsN s 
07:C 44.66; H 2.25; N 17.36; S 7.95%. 

b) A solution of 0.96 g IV in 5 ml 96% H2304 was heated for 15 min 
at '20 ~ then left for 3 hr at 18-20 ~ the products poured into 20 ml 
water, and neutralized with NaHCOs, yield 0.83 g (95.4%), mp 140- 
142 ~ . 

c) A solution of 2 g II in 4 ml conc H2SO 4 was heated and the pro- 
duct worked up as in part (b), to give VI mp 138-140 ~ picrate mp 
234-236 ~ (decomp.) 

d) A solution of 0.5 g III in 4 ml conc H2304 was heated for 5 rain 
at 35 ~ and left overnight at 18-20". The product was then worked up 
as described in part (b). Yield 0.'28 g (97.4%), mp 140-142 ~ 

Thiazolo[3, 2-a]benzimidazole mechiodide (VII). A solution of 
1.76 g VI and 2.84 g Mel in 20 ml acetone was refluxed for I hr, the 
products cooled, 30 ml ether added, and the precipitate filtered off, 
colorless plates mp 2'27-239" (decomp., precipitated by ether from 
EtOH, readily soluble in water and EtOH. Found: C 37.50; H 3.28; 
I ,29.92; N 8.84; S 10.21%, calculated for C,0H�IN2S: C 37.99; 
H 2.87; I 40.14; N 8.86; S 10,14%. 

Thiazolo[3, 2-a]br met.hiodide (VIII). Prepared simi- 
larly to VII, Colorless rhombic plates, mp 214-216" (decomp., pre- 
cipitated with ether from EtOH). Found: 37.85%, calculated for 

CnHnINzS: I 38,44~ 
2-Methyl-a-hydroxythiazolino 3,2-a benzimidazole (IX). A mix- 

ture of 3 g I, 4.6 g a-bromopropionaldehyde diethylacetal, and 30 ml 
water was heated and worked up as described above for IV (b). Yield 
3.95 g (95.9%) colorless c u b i c  prisms, mp 196-197*(decomp.,  ex 
50% aqueous EtOH), soluble in most organic solvents. Found: C 58.01; 
H 4.86; N 13.44; S 15.16%, calculated for Ci0Ht0NzOS: C 58.23; 
H 4.89; N 13.58; S 15.55%. Picrate, yellow crystals, mp 179-180" 
(decomp. ex 50% aqueous EtOH). Found: N 15.75%, calculated for 

CIoHIoNzOS �9 C6HsN3OT: N 16,09~ 
2-Methylthiazolo[3,2-a]benzimidazole (X). A solution of 1.75 g 

IX in 5 mt conc H2SO,L was left overnight at 18~20 ~ and the product 
worked up as described for IV (b). Yield 1.58 g (96.2'70), mp 154- 
156 ~ colorless prisms, mp 157-158"(ex EtOH-water, 1:2),  soluble 

in organic solvents, Found: C 63.75; H 4.41; N 14,60; S 17.14%, cal- 
culated for CIoHsN:S: C 63.80; H 4.28; N 14.88; S 17.03%. Picrate, 
yellow plates, m p  247-248 ~ (decomp.,  ex EtOH). Found: N 17.39~ 

calculated for CIoHsNzS �9 CsHsNaO# N 16.78%. 
5,6-Dimethylbenzimidazol-~-mereaptoacetaldehyde diethylaeetal 

(XII). Prepared from 5,6-dlmethyl-2-mercaptobenzimidazole [20] 
similarly to II. Yield 78.4%, viscous oil, soluble in organic solvents, 

insoluble in water. 
Picrate, yellow crystals (precipitated from gtOH with water), mp 

131-1'2'2 ~ , then solidified and remelted at 270-272 ~ (decomp.). 

Found: C 47.87; H 4.59; N 13.17; S 6.26~ calculated for CtsHtzNzOzS �9 
�9 Cslt~N~OT: C48.18; H4.81; N13.38;36.13%.  
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3-Hydroxy-6, 6-dimethylthiazolino[3.2-a]b~nzimidazole (XII~. 
Prepared similarly to IV (a) except that the reaction was run in 50~ 
gtOlI (l hr reflux), yield 91.6%, mp 202-205*(decomp., ex EtOH). 
Found: C 59.88; }I .5.36; N 12.76; S 14.57%, calculated for CnHI~NzOS: 
C 59.97~ H 5.49; N 12.72; S 14.56%. 

Picrate, mp 275-280 ~ (decomp., ex EtOH). Found: N 15.72%, 
calculated for CIIHI~N2OS �9 C,.H:IN~OT; N t5.59%. 

6,7 -Dimethylthiazolo[3, 2-a]benzirnidazole (XIV). Prepares simi- 
larly to VI (a). Yield 97..2%. mp 156-157 ~ (ex EtOH-water 1:1). 
Found: C 64.96; H 5.00; N 13.71; S 15.23%, calculated for CttHIoN~: 
C 65..~1; I-I 4.9~; N 1.2.~5; S 15.g5%. 

Ptcrate, mp 280-282~(decomp., ex AcOH). Found: N 16.21%, 
calculated for CItHIoN2S , C6H3N3OT: N 16.24'7o. 

2-Methyl-3-hydroxy-6, 7-dimethylthiazolino[3,2-a]benzimidazole 
(XV). Prepared similarly to IX, yield 89.7%, mp 230-2.21 ~ (decomp., 
precipitated from dimethylformam.ide with water). Found: C 61.60; 
B 5.90; N 11.6.2; S 1a.20%. calculated for ClaI-II4N2OS: C 61.51; 
H ~.02; N 11.95; S la.g9%. 

2, 6, '/-Trimethylthiazolo[3, 2-a]benzimidazole (XVI), Prepared 
similarly to VI (a) (1 1/2 hr reflux). Yield 92.5%, mp 199-200~ 
EtOH-water, 1 : 1), found: C 66.95; H 5.58; N 13.04; S 14.47%, cal- 
culated for CtzHtzN2S: C 66.63; H 5.59; N 12.95; S 14.82%. 

Picrate, mp 227-228 ~ (decomp., exploded in capillary, ex 
AcOH). Found: N 15.61%, calculated for Cl2HlaNzS �9 C6HaNaOT: 
N 15.72%. 
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